Abstract. In recent years, with increasing prevalence, particularly in young patients, breast cancer is considered to be one of the most common malignancies. The aim of the present study was to evaluate the clinical value of digital breast tomosynthesis (DBT) in diagnosing molecular subtypes of breast cancer. The present study retrospectively analyzed 134 cases of breast cancer with data regarding surgery, complete pathology and immunohistochemistry, which were collected at The Second Clinical College of Fujian Medical University (Quanzhou, China) between May 2013 and October 2014. The patients were divided into the four following molecular subtypes: Luminal A, luminal B, triple-negative and human epidermal growth factor receptor 2 (HER-2) overexpression, according to the expression of estrogen receptor, progesterone hormone receptor, HER-2 and Ki67. The association between clinical characteristics of each molecular subtype and characteristics of DBT were assessed. Calcification scores and lymph node size were the indicators that exhibited a significant difference following comparison between the four molecular subtypes. The subgroup analysis based on tumor size, calcification scores and lymph node size identified a significant difference in the distribution between patients with breast cancer with lymph node size of ≥1.5 and <1.5 cm. The analysis also revealed that the molecular subtypes of breast cancer were significantly associated with variables of calcification scores and lymph node size. In conclusion, the diagnostic imaging features, including calcification score and lymph node size, determined using DBT could be used as assistant diagnostic markers of breast cancer molecular subtypes.
Introduction
Breast cancer is the most commonly reported type of cancer worldwide and was the second leading cause of cancer-associated mortality in females (1) . In recent years, with increasing prevalence, particularly in young patients, breast cancer is considered to be one of the most common malignancies (2) . Breast cancer is often characterized as highly heterogeneous at the molecular level. On the basis of the expression of estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER-2) and Ki67, four different molecular subtypes of breast cancer have been identified, including luminal A, luminal B, triple-negative and HER-2-overexpression. Luminal (3) (4) (5) (6) . The clinical manifestations, treatment response and prognosis vary significantly between different molecular subtypes of breast cancer. Patients with breast cancer exhibit different manifestations in lymph node metastasis, histological grade and 5-year survival rate. Luminal A and luminal B tumors are well-differentiated and exhibit a low rate of metastasis (7, 8) .
In clinical practice, it is understood that early recognition of breast cancer molecular subtypes is important for early specific treatment of breast cancer, and patients may benefit from earlier detection and improved therapeutic options with a prolonged survival time (9, 10) . In recent years, with the development of imaging techniques, digital breast tomosynthesis (DBT) has had an impact on the diagnosis of breast diseases as images of breasts may be obtained from different angles in the process of scanning (11) . These independent images can be rebuilt into a series of tomographic images with high resolution, which eliminates the problems caused by the tissue overlap and structural noise in a two-dimensional breast mammography (12, 13) . Currently, DBT technology is developing in China. The majority of previous studies have focused on comparing the diagnostic efficacy of DBT with traditional digital mammography (14) . Furthermore, DBT has been revealed to improve the characterization of magnetic resonance imaging results that are not identified by targeted Association between digital breast tomosynthesis and molecular subtypes of breast cancer breast ultrasound in preoperative breast cancer staging (15) . However, there is a lack of evidence demonstrating an association between breast cancer molecular subtypes and imaging characteristics based on the DBT imaging technique. A previous study revealed that DBT has important influence and significance in the classification of breast imaging-reporting and data system (BI-RADS). The diagnostic sensitivity increased from 60% with traditional digital mammography to 82.9% with DBT and the specificity of the two techniques used together was 93.2% (16) . Primary indicators for BI-RADS classification include tumor margin, surrounding bright ring of tumor, vascular images and calcification foci, lymph node size, and associations with surrounding glandular tissue (17) (18) (19) , and identification of these indicators is improved in a tomographic image (20) . On the basis of previous studies, it was hypothesized that characteristics of DBT imaging could be used to assist the diagnosis of breast cancer molecular subtypes. The use of digital imaging to diagnose and authenticate molecular subtypes of breast cancer is of great interest in this field. The aim of the present study was to investigate the characteristics of each molecular subtype of breast cancer based on DBT. In addition, the associations between imaging features of DBT and molecular subtypes of breast cancer were evaluated for the accurate diagnosis of tumor features, with the aim to provide an accurate treatment strategy for clinical use.
Patients and methods

Patients.
Complete pathology and immunohistochemistry data were collected from 134 female patients with breast cancer with a mean age of 46.5 years (range, 26-81 years) who had undergone surgery at The Second Clinical College of Fujian Medical University (Quanzhou, China) between May 2012 and October 2014. The patients were divided into the four following groups depending on the molecular subtype of breast cancer: Luminal A, luminal B, triple-negative and HER-2-overexpression, according to the expression of ER, PR, HER-2 and Ki67. For each subtype, there were a total of 9, 87, 9 and 29 lesions, respectively. The clinical characteristics and pathological features of different molecular subtypes of breast cancer were evaluated. The present study was approved by the Ethics Committee of The Second Clinical College of Fujian Medical University and each patient involved in the study provided written informed consent.
Digital mammary gland three-dimensional tomosynthesis examination. Images captured by a digital mammary gland three-dimensional tomosynthesis system (Selenia Dimensions; Hologic, Inc., Marlborough, MA, USA) were analyzed for all patients. Craniocaudal position and mediolateral oblique (MLO) were observed. Each rotation of the X-ray tube was limited within 15˚, with a low-dose exposure once at a single 1˚ rotation and a series of high-resolution computed tomography images were reconstructed by 15 frames. The full-field digital mammography and the DBT were obtained at the same stress position, also termed the COMBO mode.
Image post-processing. The securView 8.1 software (Hologic, Inc.) was used to post-process the acquired images, with the aim to display more gray shading and fine structure of the mammary gland, and improve the ability of image reading.
Evaluation methods. The selected 134 cases of breast cancer were classified according to the BI-RADS classification diagnosis criteria (21) . During the process of classification, four physicians were involved to review the images, reaching a consensus for each patient.
Statistical analysis. SPSS software (version 20.0; IBM Corp., Armonk, NY, USA) was used for statistical analysis. Data with a normal distribution are presented as the mean ± standard deviation. Data without a normal distribution are presented as the median (range). Numerical data of age was assessed for normal distribution with a Kolmogorov-Smirnov test followed by one-way analysis of variance and Fisher's Least Significant Difference test for pairwise comparisons within the group. Tumor size, calcification score and lymph node size were compared using a Kruskal-Wallis H test. All other indicators, including gland type, menopause, tumor margin, change in nipple position, change in peripheral glands, skin adhesion, thick blood vessels and lymphatic metastasis, and the thresholds of indicators, including tumor size, calcification score and lymph node size, were analyzed using a χ 2 test or Fisher's exact test.
Results
Baseline characteristics of patients with different molecular subtypes of breast cancer.
A total of 134 eligible patients were included in the present study. According to the expression of ER, PR, HER-2 and KI67, these patients were divided into four groups as follows: Luminal A subtype (9 cases with a age of 50.78±13.20 years), luminal B subtype (87 cases with a age of 47.37±9.60 years), triple-negative subtype (9 cases with a age of 47.00±8.32 years) and HER-2-overexpression subtype (29 cases with a age of 51.45±9.64 years). Four types of mammary glands were also included, including fat, few, mickle and dense. According to fat classification, the number of patients with the luminal B subtype was significantly higher compared with those with the luminal A subtype (Table I) . Overall, no statistical differences were identified with regard to age, type of gland and menopause status in patients with different molecular subtypes of breast cancer (P<0.05; Table I ).
Comparative analysis of clinical data and pathological characteristic data in patients with different molecular subtypes of breast cancer. Indicators including tumor size, tumor margin (rough, partial or finishing), calcification score, change in nipple position (yes or no), change in peripheral glands (transition, invasion or obvious), skin adhesions (yes or no), thick blood vessels (yes or no), lymph node metastasis (yes or no) and lymph node size were determined using DBT. The results demonstrated that tumor size was larger in the triple-negative and HER-2-overexpression subtypes compared with in the luminal A and luminal B subtypes (Fig. 1) . The tumor sizes in the luminal A, luminal B, triple-negative and HER-2-overexpression subtypes were 1.86±0.59, 2.31±0.92, 3.74±1.94 and 3.26±1.81, respectively. However, statistical analysis revealed no significant differences between these four groups with regard to tumor size (Table II) . The calcification score was significantly higher in the HER-2-overexpression subtype compared with in the luminal B subtype. Calcification scores for luminal A, luminal B, triple-negative and HER-2-overexpression subtypes were 9.57±1.99, 9.45±1.55, 9.43±1.8 and 11±1.41, respectively. For the shape of tumor margin, no differences were revealed between the different molecular subtypes (Fig. 2) . The change in peripheral glands included types of transition, invasion and no change. No significant differences were identified between the various subtypes with regard to change in peripheral glands, skin adhesion, change in nipple position and ( Figs. 3 and 4 ; Table II ).
In addition, the lymph node size for luminal A, luminal B, triple-negative and HER-2-overexpression subtypes was 2.2±0.00, 1.4±0.79, 1.2±0.28 and 2.01±0.59, respectively. The lymph node size was significantly higher in the HER-2-overexpression subtype compared with in the luminal B subtype and the differences were statistically significant among the four groups (P<0.05; Table II ). But no significant differences were found between these four groups in tumor size. In summary, calcification score and lymph node size were revealed to be significantly different in the four molecular subtypes of breast cancer (Table II) .
Subgroup analysis.
To further analyze the clinical value of indices determined by DBT for the diagnosis of breast cancer molecular subtypes, the thresholds of indicators including tumor size, calcification score and lymph node size were calculated. According to the sixth edition of the breast cancer Tumor-Node-Metastasis staging system published by the American Joint Committee on Cancer (22), T1 stage tumors exhibit a maximum diameter ≤2 cm and tumor size is associated with prognosis, therefore 2 cm was selected in the present study as a cut-off value for tumor size. Lu et al (23) reported that a calcification score of 9 to 12 points indicates malignant calcification, therefore 10 points was selected as the cut-off value for calcification score in the present study. The incidence rate of ≥1.5 cm lymph node size has been identified to be significantly different from that of ≤1.5 cm lymph node size, which was significantly different from that of 0.6-1.4 cm lymph node size (24) . Therefore, 15 mm was selected as the cut-off value for lymph node size in the present study. The analysis demonstrated that lymph node size and calcification score exhibited statistically significant differences among the four groups (P<0.05; Table III) .
Discussion
Breast cancer is a clinically heterogeneous disease with a varied clinical profile. The results of the present study highlighted that diagnostic imaging features, including calcification score and lymph node size, determined using DBT may be used as assistant diagnostic markers of breast cancer molecular subtypes. Existing histological classifications may not be fully consistent with the clinical behavior of this disease (25) . ER, PR, HER-2, EGFR and basal marker expression status indicates the molecular subtype of breast cancer, and may predict or influence the prognosis and response to hormonal and targeted therapies (5). However, there are a lack of non-invasive methods for the molecular classification of breast cancer. On the basis of a previous study that indicated that the sensitivity of breast cancer diagnosis increases from 60% using traditional digital mammography to 82.9% using DBT (16), the present study investigated further the associations between breast cancer molecular subtypes and DBT imaging characteristics, including tumor margin, surrounding bright ring of tumor, vascular images and calcification foci, lymph node size and associations with surrounding glandular tissue. The aim of the present study was to demonstrate that DBT may serve as a clinical diagnostic tool for diagnosing molecular subtypes of breast cancer. Immunohistochemistry may be used easily and widely to classify molecular subtypes of breast tumors, and these subtypes have been demonstrated to exhibit significant differences regarding tumor size, histological grade, lymph node positivity and lymphovascular emboli, which is important for treatment planning and targeted therapy (26, 27) . In the present study, calcification score and lymph node size were identified as indicators with significant differences when compared between the four molecular subtypes of breast cancer. Subgroup analysis based on tumor size, calcification score and lymph node size revealed significant differences in the distribution of patients with calcification scores ≥10 and <10, and lymph node size ≥1.5 and <1.5 cm; however, no significant differences were identified for tumor size ≥2 and <2 cm. In addition, DBT effectively detected the tumor margin, surrounding bright ring of tumor, vascular images and calcification foci, lymph node Table III . Cut-off values of tumor size, calcification score and lymph node size measured by digital breast three-dimensional tomosynthesis for diagnosing breast cancer molecular subtypes. size and associations with surrounding glandular tissue, which indicates that DBT may be used as a diagnostic tool for the determination of breast cancer molecular subtypes. The present study identified that patients with HER-2-overexpression subtype exhibited a larger tumor size and higher calcification score compared with Luminal B subtype. Additionally, the calcification score was significantly associated with molecular subtypes of breast cancer. This was in accordance with a number of previous studies, which have identified an association between HER-2 expression and calcification. Yang and Tse (28) reported that the calcification rates of triple-negative, HER-2-positive and ER-positive breast cancer, identified by breast X-ray photography examination, were 15, 67 and 61%, respectively, which indicates that the calcification rate is higher in patients with ER and HER-2 expression. Ko et al (29) revealed that tumor mass or partial structural asymmetry, and not fine calcification, were the most common signs in patients with triple-negative breast cancer during X-ray examination. In addition, Kim et al (30) identified that the presence of calcification was significantly higher in patients with an ER-negative subtype of breast cancer compared with patients with HER-2 expression. The results of the present study identified that the highest calcification score was associated with HER-2-overexpressed breast cancer, which suggests that evaluation of calcification score may be used to predict molecular subtypes and prognosis. Notably, a threshold analysis of calcification score was performed in the present study and statistically significant differences were revealed among the four groups when the threshold of calcification score was 10 points.
Furthermore, the present study identified that lymph node size for the four molecular subtypes of breast cancer was significantly different and lymph node size was significantly associated with molecular subtypes. Statistically significant differences between different subtypes were revealed when the threshold of lymph node size was 1.5 cm. When certain cases could not be observed through the MLO view, lymph nodes were also observed by magnification mammography (data not shown); however, the lymph node could generally only be observed by MLO view. It has been suggested that the ratio of metastatic to dissected lymph nodes, termed the lymph node ratio (LNR), can be used as a superior prognostic factor with a high sensitivity for evaluating lymph nodes (31) . In a previous study, among 640 early breast cancer cases, data collected from 469 cases with axillary lymph node metastasis were retrospectively analyzed (31) . The LNR in luminal A, luminal B HER-2 + , HER-2-overexpression and basal-like subtypes was 35.2, 43.2, 46.9 and 39.1%, respectively. A significant difference was identified between subtypes luminal A and HER-2-overexpression (P=0.023). LNR was significantly associated with tumor size and lymphovascular invasion; however, no significant association was observed for other prognostic factors, including menopausal status, laterality, grade and perineural invasion. When the cut-off value was defined as 29.8% for LNR, significant differences in survival rates were identified between basal-like type and both luminal A (P=0.003) and luminal B HER-2 + (P=0.04) subtypes. In summary, the LNR was different in certain molecular subtypes of breast cancer and was associated with prognostic indicators and survival. These results support the use of LNR to evaluate breast cancer (31) . In the present study, the imaging characteristics detected by DBT, including tumor margin, surrounding bright ring of tumor, vascular images and associations with surrounding glandular tissue were not markedly different in different molecular subtypes of breast cancer.
The present study was retrospective with a limited sample size, therefore the individuals in each subtype were not particularly uniform. Future studies should increase the sample size and perform receiver operator characteristic analysis to calculate the sensitivity and specificity of each indicator. In addition, this may detect more characteristics associated with different molecular subtypes, which may promote pre-operative clinical judgment and personalized treatment strategies. Furthermore, calcifications are a common sign of invasive ductal carcinoma with ductal carcinoma in situ, therefore future studies may focus on the associations between imaging features of DBT and pathological subtypes of breast cancer.
In conclusion, the results of the present study suggest that diagnostic imaging features determined using DBT, including calcification score and lymph node size, are significantly associated with molecular subtypes of breast cancer and may be used as assistant diagnostic markers of molecular subtypes of breast cancer.
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